Abstracting Automotive System Models from Component-based Simulation with Multi Level Behaviour by Snooke, Neal & Bell, Jonathan
Aberystwyth University
Abstracting Automotive System Models from Component-based Simulation with
Multi Level Behaviour
Snooke, Neal; Bell, Jonathan
Publication date:
2002
Citation for published version (APA):
Snooke, N., & Bell, J. (2002). Abstracting Automotive System Models from Component-based Simulation with
Multi Level Behaviour. 151-160. http://hdl.handle.net/2160/68
General rights
Copyright and moral rights for the publications made accessible in the Aberystwyth Research Portal (the Institutional Repository) are
retained by the authors and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the Aberystwyth Research Portal for the purpose of private study or
research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the Aberystwyth Research Portal
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
tel: +44 1970 62 2400
email: is@aber.ac.uk











VWXZY([]\_^`Wab\1c(dfegch^`XPiF\_W[jFk%l WaZk%WhmZn1aPl ohW[8p]l \rqc(d0stY(u Wvp
w1x W[_qFpr\ry>qb\_zmLegW[_Wv{Fl |hl chamZjb}~(`hV4
8 bb]HF_ v b
P(
 888r4 C( h8R¡¢   ¢vb b£1¤Rr8¢b r 4 
r¤b h8¥¦8 v§b8¨Hhrv%r 2rv 4r§F_¢¨©r7ªR  «
hr>( h1¬K­P8_rf®gR ¯h¢ >°Uª`¬®H±0R `²(bC³0 r8b 
®gR ¯h¢ ´°µ²b³®H±]¶¤b8¢rv r·%¸r¤b`8v§Fvb8
 8¥¦8f¨©C R h ¥(  hRf¹¯h¹r8¸C¢bb¹¯h¹r88º®gR ¯h¢ 
¨f4b r §b ¹¯h¹r81 F88v b£`b888¢r%¢¯#F8b¢¨
r¤bH b_r¢> `¹¯h¹r8»R C¢bb¹¯h¹r8¼ r_]_r vb
r8¹«
b r b£4¨ rv½¬ 8_¢rvb 4³0v¢rvL¾b fb_¿r¦ C¹¯h¹r8
%r]¤b r8_rhr88
¶¤b ´§R§F_8vb¢  h_r`r¤bhrv%r =8vb¹¢rb_r vÀ¨
b ]`FÁ´¹¯h¹r8Â>¢bb¹¯h¹r8½( h8 g¨ rv*8(¥( ¢ vh«
8rH§hr( hb8 2¯ Á(rhr4¨gÃR  ]%r ¥¦8 8_¢r 
R tÄRb r¹]%r]¤b b¢ 4b %r vb8»¶¤b8¢2( h8 
Cr¤b8CFHb¢ 
§R%¢f¨K4 %r£v_g¢ 4b %r vCr4§hr«
r4r8b¢¸¨f¢ 4b %r vr8¢b r hhr b£Cr¤b4r8§F_r r ¥¦
hrv%r ´ª`¬®Å]¢´R ´¤b8b8 §hr%¥¦>¢ 4b %r v
_Æ8 8b_¯Cf¤b84b r §b H¹¯h¹r8f%r> (¥¦v ¥¦ P
¶¤b§b§hr¦]¤4 ¢¤RZr¤b0§Fr8r ¦r  -²(b1³0 ¢«
8b >®gR ¯h¢ °UÇKr 8vÈ/²(bv¦vÈPÉËÊLR (¢¯2ÌÍvÍvÎ(ÏZÇKr 8¸É
²(bv¦CÌÍvÍvÍ¦±HrCF¸_Á(r8R h ´rC b8 R h¸¹¯h¹r8f r¤
 r_rRR8¢¯/Ðµ0§hr%¥(  h8r¤bgR¢ 0¨/1b¢_¨©bR¥( ¢h«
  Ñ%r v`rvZ¨©8v§b _Á¹¯h¹r8»F8¤R¥( vh
Ò _¯(] h8ÓR  ]%r ¥¦¢ 4b %r vZÏª`¬®1Ï¦²]%r0R¢ 
( h8ÏF²¯h¹r8»b¹¢]_r vZ
ÔbÕgÖF×PØ>ÙÚÛLÖPÜrØgÕ
ÝÞàß w l©pY>[_WXLW%\_l \_l ohWg{FWvp]l |haY(aZY(u qFp]l©p/\8Yhp]á4l aRohchu oRl aP|1p]l ^â
iPu©Y\_l cha-dUch[WohW[_qàXLc(\_Wab\_l©Y(ugk%ch^`XLchaPWab\dµY(iPu \vã2äHzPWY(l ^
c(d\_zPl©pHych[_á`l©pg\_c`Y(u u cyÅ\_zPWp]iZkk%Wvp_prdUiPu u q´{FWXPu cqhWv{ w iF\_c(â
jb\_WohWÝÞàß w \_cRchuHåµæf[_l©k%W2ç%èéê ë`ìvíhíRîRïLÝ0l [8pr\8ßgY([]\_z·~(ðhðPì¦ñ
\_c2ych[_áy>l \_ztu©Y([_|hW[|h[_chiPXZpc(dHp]qFpr\_W^´p\rqRXPl©kY(u u q#u l aPáhWv{
x q=aPW%\rych[_áFp`p]iZk8zòYhp\_zPW-e wó¸ôx iZpãËäHzPW#õbiZY(u l \8Y\_l ohW
Wu Wvk\_[_l©kY(u[_WXP[_Wvp]Wab\8Y\_l chaiZp]Wv{l a#\_zPW w iF\_cbpr\_WohW\_cRchu0Y(u â
u cy1p4Y(aZY(u qFp]l©p1\_c x WXLW[]dUch[_^`Wv{àWvY([_u ql a·\_zPW´{FWvp]l |ha·XP[_c(â
k%Wvp_pgdUch[g\_zPW¸^´Yörch[_l \rq`c(d0Y(iF\_ch^`c(\_l ohW4p]qFpr\_W^´pHY(aZ{´dµY(iPu \8pã
÷ \_zPW[ych[_á`l©pHk%iP[_[_Wab\_u q`l aXP[_ch|h[_Wvp_p
\_cXP[_coRl©{FW>\8Y([_|hW%\_Wv{
õbiZY(ab\_l \8Y\_l ohWY(aZY(u qFp]l©pHdUch[4p]l \_iZY\_l chaZp>y>zPW[_W\_zPWCõbiZY(u l \8Y\]â
l ohW`Y(XPXP[_cbYhk8zà{FcRWvp4aPc(\¸XP[_coRl©{FWWaPchiP|hz·{FW%\8Y(l u¿mY(aZ{·Y(u©p]c
u©Y\_W#l aÅ\_zPW·{FWvp]l |haÅXP[_cFk%Wvp_p`y>zPWaòaRiP^`W[_l©kY(u>oY(u iPWvpY([_W
áRaPcy>aã
³0v§¯(r £v¤ øúùûvû¦ù È®g_r 2®g¢¢8 %r v¨©®f¢r ÄR8 Ð¿h«
r8   £v8b8°©

> vv r£±]g®g Pr £v¤r
r8¢_r¥¦ Pü ³0v¢rv  _H®fr4ý_¿r
w iF\_ch^`c(\_l ohW1l aZ{FiZpr\_[_q`XP[8Yhk\_l©k%W1|hWaPW[8Y(u u qC[_WvõbiPl [_Wvp
chaPu q
p]l aP|hu W¸dµY(iPu \4p_k%WaZY([_l cbpg\_c x WCk%chaZp]l©{FW[_Wv{KmZY(u u cy>l aP|´Y(aàY x â
pr\_[8Yhk\_Wv{·p]qFpr\_W^^`cF{FWu\_c#[_WXPu©Yhk%WC\_zPWk%ch^`XLchaPWab\u WohWu
p]l ^CiPu©Y\_l chaºdUch[\_zPW#p]qFpr\_W^´pc(d¸Y·^CiPu \_l â¢p]qFpr\_W^úY(aZY(u qFp]l©p
\_zZY\þhÿ /ÿè
l aZk%u iZ{FW`YdµY(iPu \vãCäHzPl©pkY(a·XP[_coRl©{FW x l |#p_Y¦obâ
l aP|bpHl aàp]l ^CiPu©Y\_l cha2W/ch[]\{FiP[_l aP|Y(aWab\_l [_Wy>zPchu WohWzPl©k%u W
ÝÞàß w y>l \_zPchiF\2u cbp]l aP|º\_zPWàW/Wvk\8pc(dCYtdµY(iPu \cha c(\_zPW[
p]qFpr\_W^´pã=äHzPWY x pr\_[8Yhk\_Wv{=p]qFpr\_W^ ^`cF{FWu©p`^CiZpr\´Yh{FzPW[_W
\_c¸\_zPW aPc¸dUiPaZk\_l cha´l a´pr\_[_iZk\_iP[_W(XP[_l aZk%l XPu W1p]l aZk%WHdµY(iPu \8pfl a
aPWl |hz x chiP[_l aP|>p]qFpr\_W^´pc(d\_WakY(iZp]WfY x aPch[_^´Y(u(WR\_W[_aZY(u(WaFâ
oRl [_chaP^`Wab\8p/\_cY(aaPchaFâ¿dµY(iPu \rq4p]qFpr\_W^ã w1x pr\_[8Yhk\_Wv{¸^`cF{FWu©p
k%ch^`XPiF\_Wv{òY(iF\_ch^´Y\_l©kY(u u q=dU[_ch^ Y(a Y\]\8Y(l aZY x u WàWaRoRl©p]l chaFâ
^`Wab\>å
	¸iPl XLW[8pHìvíhíRñKc(dZWvYhk8zp]qFpr\_W^»zZY¦ohWg\_zPW>Yh{FoY(ab\8Y(|hW
\_zZY\H\_zPWqy>l u u x WY(aYhkk%iP[8Y\_W¸{FWvp_k%[_l XF\_l chac(dp]qFpr\_W^ x W%â
zZY¦oRl chiP[l aCY(u uRk%l [8k%iP^´pr\8Y(aZk%WvpY(aZ{{FcaPc(\0l aRohchu ohWfWaP|hl aPWW[
\_l ^`W¸\_c´k%chaZpr\_[_iZk\vã
äHzPl©pXZY(XLW[0{FWvp_k%[_l x Wvp0YH\_Wvk8zPaPl©õbiPWfdUch[0{FW[_l oRl aP|Y1p]l ^`XPu W
iPaZY(^ x l |hiPchiZp¸p]qFpr\_W^ u WohWuf^`cF{FWudµY(l \_zFdUiPuf\_c2\_zPW x WzZYâ
oRl chiP[Y\2\_zPWtp]qFpr\_W^ x chiPaZ{PY([_qhã@äHzPW-[_Wvp]iPu \_l aP|À^`cF{FWu
l©p`dµY([p]l ^`XPu W[´\_zZY(aÅ\_zPWàWaRoRl©p]l chaP^`Wab\ x WvkY(iZp]W\_zPWàWaFâ
oRl©p]l chaP^`Wab\l aZk%u iZ{FWvp\_zPWºpr\8Y\_W-c(dWohW[_qòk%ch^`XLchaPWab\c(d
Yºp]qFpr\_W^ Y(aZ{ò[_WXP[_Wvp]Wab\8p´Y(u©p]cº\_zPW·k%ch^`XLchaPWab\l ab\_W[8Yhkâ
\_l cha·XP[_cF{FiZk%Wv{ x q\_zPWWu Wvk\_[_l©kY(u
p]l ^CiPu©Y\_ch[vãäHzPW`^´Yörch[]â
l \rqc(d
\_zPW^`cF{FWuoY([_l©Y x u WvpCåUWaRoRl©p]l chaP^`Wab\¸pr\8Y\_Wvp[_WXP[_Wvprâ
Wab\_l aP|oY([_l©Y x u WCoY(u iPWk%ch^ x l aZY\_l chaZp8ñ1Y([_WCaPc(\p]l |haPl LkY(ab\
\_cà\_zPW2cohW[8Y(u ugp]qFpr\_W^ u WohWu x WzZY¦oRl chiP[vm
Y(aZ{=l a=|hWaPW[8Y(u¿m
p]l aP|hu WHk%ch^`XLchaPWab\
^`cF{FWuFoY([_l©Y x u Wvp{Fc¸aPc(\
Wk%l Wab\_u q[_WXFâ
[_Wvp]Wab\´p]qFpr\_W^úu WohWu1pr\8Y\_WvpãòäHzPW#WaRoRl©p]l chaP^`Wab\`XP[_cFk%Wvp_p
iZp]iZY(u u qtXP[_cF{FiZk%Wvp`Y·u©Y([_|hWhmf{FW%\_W[_^`l aPl©pr\_l©k(m x iF\´[_Wv{FiZk%l x u W
Ý
jFÞºã/s-ch[_ácha-Ý
jFÞ Y x pr\_[8Yhk\_l cha#|hWaPW[8Y(u u q#Yhp_p]iP^`Wvp1aPc
WPYhk\p]^´Y(u u W[2WvõbiPl oY(u Wab\WFl©pr\8pY(aZ{ò\_zPWaËXP[_cFk%WWv{Pp\_c
u iP^`X\_zPWl aPXPiF\8pmFchiF\_XPiF\8pmFY(aZ{pr\8Y\_Wvpf\_cXP[_cF{FiZk%W4YaPchaFâ
{FW%\_W[_^`l aPl©pr\_l©kch[XP[_c x Y x l u l©pr\_l©k2Ý
jFÞ å ÷ l áhchaPch^`chi ìvíhíPï
~(ðhðPì¦ñãs-WchaPu qu iP^`X2\_zPWCpr\8Y\_WvpHl a\_zPl©p>ych[_á/mR\_c`|hWaPW[]â
Y\_W¸YÝ
jFÞ \_zZY\>l©pWvõbiPl oY(u Wab\>Y\H\_zPW¸p]qFpr\_W^@l ab\_W[]dµYhk%W1\_c
\_zPW¸WaRoRl©p]l chaP^`Wab\vã
äHzPWp]l ^`XPu W[^`cF{FWuzZYhpp]WohW[8Y(uXLc(\_Wab\_l©Y(u x WaPWP\8pã¹\
kY(aÅXP[_coRl©{FW#Y(aÅWaP|hl aPWW[y>l \_z Yt^`ch[_Wàk%ch^`XP[_WzPWaZp]l x u W
^`cF{FWu0c(d
\_zPW`p]qFpr\_W^ x WzZY¦oRl chiP[vã w aPch^´Y(u chiZp x WzZY¦oRl chiP[
l©pCc x p]W[_ohWv{tYhpCiPaPWFXLWvk\_Wv{<p]qFpr\_W^ pr\8Y\_WvpmWohWab\C\_[8Y(aZprâ
l \_l chaZpy>l \_z iPaPWFXLWvk\_Wv{Ëk%chaZ{Fl \_l chaZpm1ch[2Y(aËYhp]qR^`^`W%\_[_l©k
p]W%\¸c(dgWohWab\8p`åµk%u cbp]l aP|\_zPW´p]y>l \8k8z-kY(iZp]Wvp4Y2pr\8Y\_W`k8zZY(aP|hW
x iF\àchXLWaPl aP|òl \·Y(|bY(l a¼{FcRWvp#aPc(\à[_W%\_iP[_aË\_zPW=p]qFpr\_W^\_c
\_zPW-p_Y(^`W-pr\8Y\_W·dUch[2WPY(^`XPu W¦ñã¢a \_zPW·dUiF\_iP[_W·\_zPWtp]qFprâ
\_W^ u WohWul ab\_W[_aZY(upr\8Y\_Wl aFdUch[_^´Y\_l cha2y>l u u x W[_WvõbiPl [_Wv{\_c
XLW[]dUch[_^@jZe w mRdµY(iPu \>p]l |haZY\_iP[_W4Y(aZY(u qFp]l©p4å¿jRXZY(aP|hu W[4ìvíhíhíbñm
Y(aZ{Y(iF\_ch^´Y\_Wv{2p_k%WaZY([_l c`|hWaPW[8Y\_l chadUch[ÝÞàß w ã w a#l ^â
XLch[]\8Y(ab\CXP[8Y(|h^´Y\_l©kk%chaZp]l©{FW[8Y\_l chatl©p\_zZY\aPc-Yh{P{Fl \_l chaZY(u
^`cF{FWu x iPl u©{Fl aP|´W/ch[]\>l©pH[_WvõbiPl [_Wv{dU[_ch^ \_zPWWaP|hl aPWW[vã
  Ö
	 Ø>Ù]Ü]Õ×1Ü
w {FW%\8Y(l u Wv{Yhkk%chiPab\
c(dL\_zPWH^`cF{FWu©pfY(aZ{p]l ^CiPu©Y\_l chaåiZY(u â
l \8Y\_l ohW¼egl [8k%iPl \ w aZY(u qFp]l©p=äcRchuáRaPcy>a Yhpe w ä1ñ=Y([_W
XP[_coRl©{FWv{òl aÂå¿jRaPcRcháhWÀìvíhíhíPïæf[_l©k%WÅç%èéê ë ìvíhíRîRïWW
÷ [_^´p x q#ìvíhíhbñã ¢a\_zPl©p>p]Wvk\_l cha2yW¸XP[_coRl©{FW¸Y(achiF\_u l aPWc(d
\_zPWp_Y(u l Wab\HdUWvY\_iP[_Wvpã
äHzPW#p]qFpr\_W^ú^`cF{FWu©pY([_Wk%ch^`XP[_l©p]Wv{=c(dY·aPW%\_u l©pr\|hWaFâ
W[8Y\_Wv{dU[_ch^ p]qFpr\_W^ p_k8zPW^´Y\_l©kp>\_ch|hW%\_zPW[4y>l \_z-Yu l x [8Y([_q
c(dK[_WiZp_Y x u Wk%ch^`XLchaPWab\g^`cF{FWu©pã
ßgYhk8z´k%ch^`XLchaPWab\g^`cF{FWu
k%chab\8Y(l aZpY(aòWu Wvk\_[_l©kY(upr\_[_iZk\_iP[_W·{FWZaPWv{ x qÅYºaPW%\rych[_á
c(dõbiZY(u l \8Y\_l ohWà[_Wvp]l©pr\8Y(aZk%WvpY(aZ{ÅchXF\_l chaZY(u u qhm1Y x WzZY¦oRl chiP[




x q`\_zPW¸[_Wvp]iPu \8pc(d0Wu Wvk\_[_l©kY(u/p]l ^CiPu©Y\_l chach[>k8zZY(aP|hWvpf\_cC\_zPW
WaRoRl [_chaP^`Wab\åUl aPXPiF\8p"!¦chiF\_XPiF\8p8ñ4c(d\_zPWk%ch^`XLchaPWab\vãäHzPW
Ý
jFÞ Y(u©p]cCk%chab\_[_chu©p\_zPWoY(u iPWvpgc(d/\_zPW4[_Wvp]l©pr\_l ohW1k%l [8k%iPl \Wu W%â
^`Wab\8p\_[_l |h|hW[_l aP|ºdUiP[]\_zPW[2Wu Wvk\_[_l©kY(u¸p]l ^CiPu©Y\_l chaã jRl ^CiFâ
u©Y\_l cha \8Y(áhWvp\_zPW-dUch[_^ c(dYÀp]WvõbiPWaZk%W-c(d`Ve'Wu Wvk\_[_l©kY(u




egch^`XLchaPWab\8pÅY(aZ{'p]qFpr\_W^´pòp]l ^CiPu©Y\_Wv{@iZp]l aP|#e w ä
^´Y¦qàzZY¦ohW´pr\8Y\_l©k`ch[¸\_[8Y(aZp]l Wab\l ab\_W[_aZY(ufpr\8Y\_WvpåU^`W^`ch[_qPñ
\rqRXPl©kY(u u q#Y\]\_[_l x iF\8Y x u W\_c\_zPWCdUchu u cy>l aP|p]chiP[8k%Wvp1l a·Y(iF\_c(â
^`c(\_l ohWp]qFpr\_W^´p%$
&('*),+.-+ (0/µh -  '*12'*)3+.) v w a WPY(^`XPu W l©p \_zPW
^`Wvk8zZY(aPl©kY(u(\_ch|h|hu Wgp]y>l \8k8zã0äHzPWf\_ch|h|hu W x iF\]\_chak%chab\8Yhk\8p
k8zZY(aP|hW`XLcbp]l \_l cha-dUch[WvYhk8zºk%ch^`XPu W%\_W´XP[_Wvp_pY(aZ{-[_Wu WvYhp]W
k%qFk%u Whã
45-+ ( '*) /µ(6 '*)  '*-879) /Uv ßHenËk%ch^`XLchaPWab\8pY([_W^`l â
k%[_chXP[_cFk%Wvp_p]ch[ x Yhp]Wv{à^`cF{FiPu Wvp4\_zZY\^´Y¦qàk%chab\8Y(l a-p]l |haPl â
LkY(ab\1l ab\_W[_aZY(upr\8Y\_WvpãjRc(d\ryHY([_W¸chXLW[8Y\_l cha2l©p>^`cF{FWu Wv{
Y\1Y`zPl |hz2u WohWu x q2Ý
jFÞ {FWvp_k%[_l XF\_l chaZpã
:+.+.; P=< ßf^`W[_|hWab\fpr\8Y\_WkY(a x W1XP[_cF{FiZk%Wv{`l ap]qFpr\_W^´p
\_zZY\l aZk%u iZ{FWdUWWv{ x Yhk8áàk%l [8k%iPl \8p¸WohWaà\_zPchiP|hzà\_zPW`l aZ{Fl â
oRl©{FiZY(u
k%ch^`XLchaPWab\8pzZY¦ohWCaPc2l ab\_W[_aZY(upr\8Y\_Whã w a-c x oRl â
chiZp>WPY(^`XPu Wl©p1Y x l©pr\8Y x u Wk%chaZpr\_[_iZk\_Wv{dU[_ch^'~ ówó V
|bY\_Wvpã
> / 1?+ P +.;  ) =/U=/ '*)  egch^`XLchaPWab\^`cF{FWu©pkY(a-l aFâ
k%u iZ{FWºch[8{FW[c(d`^´Y(|haPl \_iZ{FW-\_l ^`W=k%chaZpr\_[8Y(l ab\8p#Y(XPXPu l Wv{
\_c WohWab\8pãäHzPl©ptY(u u cy1p·[_Wvp]chu iF\_l cha c(d2p]ch^`WÀc(d\_zPW
XLc(\_Wab\_l©Y(uõbiZY(u l \8Y\_l ohWtY(^ x l |hiPl \rqòkY(iZp]Wv{ x qò^CiPu \_l XPu W
WohWab\8pã w u uWohWab\8pl a·WvYhk8z#\_l ^`WXLW[_l cF{àY([_WC[_iPa·XP[_l ch[
\_c-\_zPcbp]W2l a<\_zPWaPWR\´u chaP|hWvpr\\_l ^`WXLW[_l cF{<[_W|bY([8{Fu Wvp_p
c(dCzPcy ^´Y(aRqÅ\_zPW[_WtY([_Whã w \rqRXPl©kY(u¸Y(iF\_ch^`c(\_l ohW-p]W%â
õbiPWaZk%Wc(dH\_l ^`Wvp]u c(\8pC[_WXP[_Wvp]Wab\8p%$Cl aZpr\8Y(ab\8Y(aPWchiZpåUWu Wvkâ
\_[_l©kY(uKXP[_chXZY(|bY\_l chaLñï@j-åµßHen chXLW[8Y\_l chaZp8ñïR^j-åU[_Wu©Y¦q
p]y>l \8k8zPl aP|Rñï¸j¼åUiZp]W[l ab\_W[8Yhk\_l chaLñï1zPchiP[·å x Y\]\_W[_qÅ{Fl©prâ
k8zZY([_|hW¦ñã-äHzPWvp]W2{FWu©Y¦qFpY([_WWvõbiPl oY(u Wab\C\_ctp]zPch[]\C\_W[_^
^`W^`ch[_ql a2\_zPWp]qFpr\_W^ã
äHzPW`l ab\_W[8Yhk\_l chaZp4y>l \_zºYp]qFpr\_W^ Y([_WXP[_coRl©{FWv{ x q#\_zPW
p]W%\c(dFoY([_l©Y x u Wvp/\_zZY\0{FWZaPWfl \8pWaRoRl [_chaP^`Wab\vãäHzPl©pp]qFpr\_W^
WaRoRl [_chaP^`Wab\l©p2Y=p]i x p]W%\2c(d\_zPWBA8ÿ0CDZÿ  /ç Zè4l aPXPiF\8pdUch[
WPY(^`XPu W1\_zPW¸XLcbp]l \_l chac(d0Yp]y>l \8k8zã ¹\Hl©p>Y\rqRXPl©kY(uKp]qFpr\_W^
k8zZY([8Yhk\_W[_l©pr\_l©kg\_cCzZY¦ohW>[_Wu©Y\_l ohWu qdUWyòl aPXPiF\8pY(aZ{´chiF\_XPiF\8p
k%ch^`XZY([_Wv{·\_c#\_zPWaRiP^ x W[c(d>l ab\_W[_aZY(uk%ch^`XLchaPWab\8p\_zRiZp
WaZp]iP[_l aP|C\_zZY\Y x pr\_[8Yhk\_l chal©p>XLcbp_p]l x u Whã
EGF3HIKJ IKL3FMONPF3Q
äHzPW Y\]\8Y(l aZY x u W WaRoRl©p]l chaP^`Wab\¼åµÝPch[ x iZp ìvíhíhðPï 	¸iPl XLW[8p
ìvíhíRñ[_WXP[_Wvp]Wab\8pY(u upr\8Y\_Wvpc(dH\_zPWp]qFpr\_W^ [_WvYhk8zZY x u W x q
WFW[8k%l©p]l aP|=Y(aRqÀp]WvõbiPWaZk%Wàc(dWR\_W[_aZY(u1l ab\_W[8Yhk\_l chaZp`dU[_ch^
\_zPW-{FW%dµY(iPu \pr\8Y\_Whã½äHzPWàWaRoRl©p]l chaP^`Wab\l©p|hWaPW[8Y\_Wv{ x q
Y·{FWXF\_z Z[8pr\`p]WvY([8k8zm0\_W[_^`l aZY\_l aP|·WvYhk8z x [8Y(aZk8z=y>zPWa<Y
XP[_WoRl chiZp]u q´WaZk%chiPab\_W[_Wv{tç SR=TVU"Tµÿ  SC´ç ZèUè¢éè¢çl©pHdUchiPaZ{Kã
ßgYhk8z-pr\8Y\_W`c(d\_zPW´WaRoRl©p]l chaP^`Wab\[_WXP[_Wvp]Wab\8p¸Yp]XLWvk%l Lk
p]W%\Cc(d>\_zPWXLcbp_p]l x u WoY(u iPWvpc(d>\_zPW^`cF{FWuoY([_l©Y x u WvpãàÝPch[
chiP[H^`cF{FWu©pmPWaRoRl©p]l chaP^`Wab\1pr\8Y\_W¸l©p1Y`k%ch^`XLcbp]l \_l cha2c(d$
W Y(u uk%ch^`XLchaPWab\1Ý
jFÞ ^`cF{FWupr\8Y\_Wvpï
W Y(u uK[_Wvp]l©pr\_l ohW4Wu W^`Wab\1oY(u iPWvpHl a2\_zPWaPW%\_u l©pr\vï
W Y(u uFl aPXPiF\gY(aZ{CchiF\_XPiF\foY([_l©Y x u Wvpl aZk%u iZ{FWv{l a`k%ch^`XLchaPWab\^`cF{FWu©pã
XZY    Ö\[]× ^ ÛLÖPÜ_
q{FWZaPl \_l cha\_zPWk%ch^`XLchaPWab\8pc(dY`U"abUè¢çcC»y>l u uKych[_á`\_c(â
|hW%\_zPW[
k%chaZk%iP[_[_Wab\_u qch[l a´p]WvõbiPWaZk%W\_c¸XP[_cF{FiZk%WdUiPaZk\_l chaZp
c(d\_zPWp]qFpr\_W^ \_zZY\>XP[_coRl©{FW4k%chzPW[_Wab\HW/Wvk\8pHl a2l \8pHWaRoRl []â
chaP^`Wab\gå¹egzZY(aZ{F[8Yhp]WáY([8Y(ad,ehcbp]WXPzZp]cha`ìvíhíbñãäHzPl©pzPl |hz
{FW|h[_WWHc(d{FWXLWaZ{FWaZk%q`l a`\_zPWchXLW[8Y\_l cha`c(d/\_zPW1l aZ{Fl oRl©{FiZY(u
k%ch^`XLchaPWab\8pWaZp]iP[_Wvp1\_zZY\[_Wu©Y\_l ohWu qdUWy½c(df\_zPWXLcbp_p]l x u W
k%ch^`XLchaPWab\pr\8Y\_Wk%ch^ x l aZY\_l chaZpy>l u uRWohW[ x W[_WvY(u l fWv{{FiP[]â
l aP|´aPchaFâ¿dµY(iPu \rq2chXLW[8Y\_l cha2c(d\_zPWp]qFpr\_W^ãHäHzPW|hWaPW[8Y\_Wv{
^`cF{FWub^CiZpr\l aZk%u iZ{FWchaPu ql ab\_W[_aZY(uRpr\8Y\_Wp]l |haPl LkY(ab\Y\0\_zPW
U"abUè¢çcC@ê çcRç%ê ã ¹\>l©paPc(\H|hWaPW[8Y(u u q`XLcbp_p]l x u W4\_cl aZk%u iZ{FW4\_zPl©p
pr\8Y\_W{Fl [_Wvk\_u q´dU[_ch^ \_zPWk%ch^`XLchaPWab\8p x WvkY(iZp]W $
W p]qFpr\_W^ pr\8Y\_Wvp>k%ch^`XP[_l©p]Wk%ch^`XLcbp]l \_Wk%ch^`XLchaPWab\1pr\8Y\_Whï
W k%ch^`XLchaPWab\ x WzZY¦oRl chiP[8p¸Y([_WCXZY([]\_l©Y(u u q#iZp]Wv{·y>l \_zPl a-\_zPWp]qFpr\_W^ï
W \_zPW*k%chaPaPWvk\_l cha \_chXLchu ch|hq7l ab\_[_cF{FiZk%Wvp kY(iZp_Y(uºk%qFk%u WvpådUWWv{ x Yhk8áPñï
W k%ch^`XLchaPWab\fl ab\_W[_aZY(uZpr\8Y\_WvpgY([_W>[_WcgZWvk\_Wv{`Y\f\_zPWp]qFpr\_W^l ab\_W[]dµYhk%Whã
w a2WPY(^`XPu W4y>l u uk%u©Y([_l dUq`\_zPWZaZY(uKXLchl ab\vãegchaZp]l©{FW[ Z|(â
iP[_W-ìºåµk%l [8k%iPl \ w ñã ¹\´l©p`XLcbp_p]l x u W2\_cº{FWv{FiZk%W2\_zZY\´l d4\_zPW
u©Y(^`X·l©ph'Si Y(aZ{à\_zPW´p]y>l \8k8z x Wvk%ch^`Wvp  -'  +.;<\_zPWatYd\_W[
p]ch^`W
\_l ^`W4å1jñL\_zPWgu©Y(^`Xy>l u uRk8zZY(aP|hW
\_c1\_zPW'*)2pr\8Y\_Whã ¹d
\_zPW¸p]y>l \8k8z x Wvk%ch^`Wvp'S2+.)·l a\_zPW4l ab\_W[_ohWaPl aP|CXLW[_l cF{´\_zPW
pr\8Y\_W4{FcRWvpfaPc(\>k8zZY(aP|hWCå1jWohWab\k%chaZ{Fl \_l chal©pgaPcCu chaP|hW[
p_Y\_l©p ZWv{Zñã2äHzPWp]qFpr\_W^l©p\_zPW[_W%dUch[_W´{FWvp_k%[_l x Wv{ x qà\_zPW~
pr\8Y\_Wà{Fl©Y(|h[8Y(^ã½egl [8k%iPl \2 iZp]Wvp`\_zPW-p_Y(^`W·k%ch^`XLchaPWab\8p
Y(aZ{p]qFpr\_W^ l ab\_W[]dµYhk%WzPcyWohW[gl \8p x WzZY¦oRl chiP[gl©pH{Fl /W[_Wab\vã
sòzPWa\_zPW1u©Y(^`X`l©pk'SitY(aZ{C\_zPWp]y>l \8k8z x Wvk%ch^`Wvp  -'  +.;#l \
l©paPc(\HXLcbp_p]l x u W\_c´{FW%\_W[_^`l aPW4y>zPWa\_zPW4u©Y(^`X2l u u iP^`l aZY\_Wvp
åUl ^`^`Wv{Fl©Y\_Wu qàch[Yd\_W[Y]1jñãKäHzPl©p¸{FWXLWaZ{PpiPXLcha-zPcy



































































































Ý0l |hiP[_W~$gjRl ^`XPu l LkY\_l chacohW[_oRl Wy
l ab\_W[_aZY(upr\8Y\_W\_c\_zPW Z[8pr\¸p]qFpr\_W^m x iF\Yh{P{Pp4Y´\_[8Y(aZp]l Wab\
pr\8Y\_W4\_c`\_zPWp]Wvk%chaZ{Kã
äHzPWpr\_[8Y\_W|hqtiZp]Wv{º\_c-|hWaPW[8Y\_W\_zPWp]qFpr\_W^ ^`cF{FWu>l©p
\_cºXP[_cF{FiZk%W·Y(aÅcohW[p]l ^`XPu l ZWv{»åµY(^ x l |hiPchiZp8ñ x u©Yhk8á x c 
^`cF{FWu x Yhp]Wv{·cha·\_zPWp]qFpr\_W^ WaRoRl [_chaP^`Wab\Y(aZ{à\_zPWaº{FW%â
[_l ohW4k%ch^`XLchaPWab\ x Yhp]Wv{{FW%\8Y(l u©piPab\_l uL\_zPW4^`cF{FWu/aPcCu chaP|hW[
k%chab\8Y(l aZp`Y(^ x l |hiPl \rqhãÅäHzPW^´Yörch[´pr\_WXZp´Y([_W{FWXPl©k\_Wv{<l a
Z|hiP[_W~YhpdUchu u cy1p%$
j / 12 - /  egch^ x l aPW´Y\]\8Y(l aZY x u WWaRoRl©p]l chaP^`Wab\pr\8Y\_Wvp¸iZprâ
l aP|´p]qFpr\_W^ x chiPaZ{PY([_qhã
 +  '*-*+  1  /	3/U
 äHzPWHl ab\_[_cF{FiZk\_l chaCc(dLaPWyÀpr\8Y\_Wl a
\_zPl©ppr\_WXº^´Y¦q·l ab\_[_cF{FiZk%WaPWy Y(^ x l |hiPl \rq-[_Wvp]iPu \_l aP|#l a
Y(a-l \_W[8Y\_l ohW`Y(u |hch[_l \_zP^ã`äHzPl©p¸u WvYh{Pp4\_c2\_zPW´WR\_[8Yhk\_l cha
c(d
p]qFpr\_W^@u WohWuKl ab\_W[_aZY(upr\8Y\_Whã
 /µ0 - /µ +Åß R\_[8Yhk\¸p]qFpr\_W^ u WohWuWohWab\8p x W%\ryWWat{FW%\_Wvkâ
\_Wv{ºp]qFpr\_W^ pr\8Y\_WvpY(aZ{-ch[]\_zPch|hchaZY(u l fWC\_zPW[_WXP[_Wvp]Wab\8Yâ
\_l chaã
#Õ1Ü  ÜrØgÕ  ÕgÖ  ÖF×
ÛLÖPÜrØgÕ
äHzPWgl aPl \_l©Y(ubp]W%\0c(dPp]qFpr\_W^»pr\8Y\_WvpY([_W
c x \8Y(l aPWv{ x q4|h[_chiPXPl aP|
\_zPWtWaRoRl©p]l chaP^`Wab\pr\8Y\_Wvp x qÅ\_zPWtoY(u iPWvpY\2\_zPWºp]qFpr\_W^
l ab\_W[]dµYhk%Whã
¢aC\_zPW>p]i x p]WvõbiPWab\
{FWvp_k%[_l XF\_l cha\_[8Y(aZp]l \_l chaZp x W%\ryWWaWaFâ
oRl©p]l chaP^`Wab\fpr\8Y\_Wvp
Y([_W[_W%dUW[_[_Wv{\_cYhp1ç SR=TVU"Tµÿ  SC´ç Zè0è_é   U
TèKTµÿ   U
Y(aZ{\_[8Y(aZp]l \_l chaZp x W%\ryWWa´p]qFpr\_W^*pr\8Y\_WvpfY([_WdU"abUè¢çcC
è_é   U"TèKTµÿ   Uã*abUè¢çcC Uè¢éè¢ç"UY([_W`p]W%\8p¸c(d[_Wu©Y\_Wv{àWaRoRl©p]l chaFâ
^`Wab\¸pr\8Y\_Wvp4Y(aZ{2\_zPW[_W%dUch[_WCp]qFpr\_W^'\_[8Y(aZp]l \_l chaZp1[_WXP[_Wvp]Wab\
chaPWch[1^`ch[_WWaRoRl©p]l chaP^`Wab\>\_[8Y(aZp]l \_l chaZpã>äHzPWCchaPu q\_[8Y(aZprâ
l \_l chaZp
\_zZY\kY(a x W4p]l |haPl LkY(ab\gY\f\_zPWp]qFpr\_W^Âu WohWuP[_WXP[_Wvprâ
Wab\`k8zZY(aP|hWvp\_cà\_zPW U"abUè¢çcCúç SR=T_ÿ  SC´ç Zè¿ãtßgYhk8ztiPaPl©õbiPW
p]W%\c(d1k8zZY(aP|hWvp\_c#\_zPW2p]qFpr\_W^ WaRoRl [_chaP^`Wab\Cl©pCYU"abUè¢çcC




c(df\_zPWWaRoRl [_chaP^`Wab\4c(df\_zPW`p]qFpr\_W^ p]l aZk%WCl \l©p4WR\_W[_aZY(u u q
l ^`XLcbp]Wv{Kã
 NPF3QI QIKL3F L"!  FJ I#3FI F3Q%$'&kJ0Q NPM($ Q) Q N*J
ßfaRoRl©p]l chaP^`Wab\0\_[8Y(aZp]l \_l chaZpu WvYh{Fl aP|4\_c4aPWyÀpr\8Y\_Wvp\_zZY\f{Fl dâ
dUW[chaPu q x qC\_zPW4WaRoRl [_chaP^`Wab\k8zZY(aP|hWp]XLWvk%l ZWv{ x q\_zPW¸Yhprâ
p]cFk%l©Y\_Wv{WohWab\4Y([_WaPc(\4l ab\_W[_Wvpr\_l aP|Zã1jRiZk8z·pr\8Y\_Wvp>^´Y¦q x W
k%ch^ x l aPWv{tp]l aZk%W\_zPW´WaRoRl [_chaP^`Wab\c(d\_zPWp]qFpr\_W^ kY(a x W
iZp]Wv{\_c{Fl©pr\_l aP|hiPl©p]zà^CiPu \_l XPu WC\_[8Y(aZp]l \_l chaZpc(dgY(aàWohWab\ x q
Yh{P{Fl aP|-Yh{P{Fl \_l chaZY(uHk%chaZ{Fl \_l chaZpãtÝ0l |hiP[_W2àl u u iZpr\_[8Y\_Wvp\_zPW
k%ch^ x l aZY\_l chaºc(dpr\8Y\_Wvp + )* Y(aZ{?+ + l ab\_cj * ã-äHzPW[_Wvprâ
iPu \8Y(ab\p]qFpr\_W^úpr\8Y\_W j * [_WXP[_Wvp]Wab\8p^CiPu \_l XPu WoY(u iPWvpåUch[
k%ch^`XLchaPWab\pr\8Y\_Wvp8ñdUch[p]ch^`W#p]qFpr\_W^úoY([_l©Y x u Wvpã ¢a<\_zPW
Z|hiP[_W / 2·kY(a´zZY¦ohWH\_zPWoY(u iPW  ch[-,½l a`\_zPW4p]qFpr\_W^*pr\8Y\_W
j * ã
np]l aP|àYp]l ^`XPu WY(iF\_ch^`c(\_l ohW`WPY(^`XPu Whml \Cl©pk%u WvY([¸\_zZY\
k%u cbp]l aP|C\_zPW¸l |haPl \_l chap]y>l \8k8zl a\_zPWp]qFpr\_W^  c Zpr\8Y\_W4y>l u u
kY(iZp]WHY4{Fl /W[_Wab\0\_[8Y(aZp]l \_l cha{FWXLWaZ{FWab\
iPXLcha\_zPWHWFl©pr\_l aP|
XLcbp]l \_l chac(dF\_zPWgu l |hzb\_l aP|p]y>l \8k8zPWvpã ¹\0l©paPc(\0{FWvp]l [8Y x u WfzPcyHâ
WohW[1dUch[\_zPW`p]qFpr\_W^7^`cF{FWu0\_cl aZk%u iZ{FWC\_zPWvp]W`k%ch^`XLchaPWab\

















Ý0l |hiP[_W $ ¢aZp]l |haPl LkY(ab\1pr\8Y\_Wvp
 M/.0ISIQ(E H3NPF3Q J
ViP[_l aP|`\_zPWWaRoRl©p]l chaP^`Wab\vmP\_[8Y(aZp]l \_l chaZp1Y([_WaPc(\1XP[_cF{FiZk%Wv{
dUch[`WR\_W[_aZY(u>WohWab\8p\_zZY\kY(iZp]W2aPcºpr\8Y\_Wàk8zZY(aP|hWhãÅäHzPl©p
XP[_coRl©{FWvpYòk%ch^`XPu W%\_Wº[_WXP[_Wvp]Wab\8Y\_l cha¼p]l aZk%W=Y(u uXLcbp_p]l x u W
WohWab\8p·Y([_W<p]l ^CiPu©Y\_Wv{»dU[_ch^ WohW[_q¼pr\8Y\_Whã w a T CD/ê TAcTè
\_[8Y(aZp]l \_l chau cRchXZp x Yhk8á\_cl \8p
ch[_l |hl aZY\_l aP|¸pr\8Y\_WHdUch[fY(u uPl aPW%dâ
dUWvk\_iZY(ubWohWab\8pãäHl ^`W x Yhp]Wv{¸WohWab\8pY([_W
\_zPW^`cbpr\k%ch^`^`cha
WPY(^`XPu Whã
äHzPWq´aPc(\_l chaZY(u u q´cFkk%iP[dUch[HWvYhk8zXLcbp_p]l x u W¸õbiZY(u â
l \8Y\_l ohWf\_l ^`Wvp]u c(\ x iF\chaPu q4\_zPcbp]Wg\_zZY\
kY(iZp]WgY4pr\8Y\_Wk8zZY(aP|hW
y>l u u x W^´Yh{FWWFXPu l©k%l \ x q´\_zPWWaRoRl©p]l chaP^`Wab\vã
÷ aZk%W WaRoRl©p]l chaP^`Wab\¼pr\8Y\_Wvp Y([_W½k%ch^ x l aPWv{Kmºl ^`XPu l©k%l \
WohWab\8pCY([_WY·p]chiP[8k%Wc(dY(^ x l |hiPl \rqhã-Ý0l |hiP[_W ·l u u iZpr\_[8Y\_Wvp
\_zPl©pXLchl ab\vã»äHzPWàl ^`XPu l©k%l \2WohWab\ )* dU[_ch^ + 21 ^CiZpr\ x W
k%chaZp]l©{FW[_Wv{p]l aZk%W4c(\_zPW[_y>l©p]Wl \>l©paPc(\1k%u WvY([y>zZY\HzZY(XPXLWaZp











Ý0l |hiP[_WS$ ¢^`XPu l©k%l \WohWab\8p
ÝPch[f\_zPl©p[_WvYhp]cha´Y(u uLWaRoRl©p]l chaP^`Wab\g\_[8Y(aZp]l \_l chaZp
\_zZY\H[_WXFâ
[_Wvp]Wab\
p]qFpr\_W^½pr\8Y\_W1k8zZY(aP|hWvp0^CiZpr\ x W1{Fl /W[_Wab\_l©Y\_Wv{dU[_ch^
Y(u uKc(\_zPW[1WaRoRl©p]l chaP^`Wab\1pr\8Y\_Wvp>l a2\_zPW|h[_chiPX x qk%chaZp]l©{FW[]â
l aP|`l ^`XPu l©k%l \1WohWab\8pHy>zPW[_W¸aPWvk%Wvp_p_Y([_qhã
3546 FJ IQIKL3F87M98I#;:IQ&
w ^ x l |hiPchiZp0\_[8Y(aZp]l \_l chaZp
Y([_WH\_zPcbp]WH\_zZY\gk%[_WvY\_W>Y(u \_W[_aZY\_l ohW
x WzZY¦oRl chiP[8pl a2\_zPW^`cF{FWu¿ã ¢a2\_zPl©p>ych[_áyW¸zZY¦ohW{Fl oRl©{FWv{
l ab\_cÀ\rycòkY\_W|hch[_l WvpïCY(^ x l |hiPchiZpY(aZ{¼p]W^`l â¢Y(^ x l |hiPchiZpã
w ^ x l |hiPchiZp`\_[8Y(aZp]l \_l chaòXZY(l [8p´[_WXP[_Wvp]Wab\´\_zPW-p_Y(^`WàWohWab\
dU[_ch^ \_zPWp_Y(^`W´p]chiP[8k%W`u WvYh{Fl aP|2\_cà{Fl /W[_Wab\C{FWvpr\_l aZY\_l chaZp
åµp]qFpr\_W^¼pr\8Y\_Wvp8ñãjRW^`l â¢Y(^ x l |hiPchiZp/\_[8Y(aZp]l \_l chaZpkY(a x Wg{Fl©prâ
\_l aP|hiPl©p]zPWv{ x q<Y-{Fl /W[_WaZk%Wl a<\_zPW#p]qFpr\_W^úWaRoRl [_chaP^`Wab\
w ^ x l |hiPchiZp´\_[8Y(aZp]l \_l chaZp´cFkk%iP[ x WvkY(iZp]Wàc(dl ab\_W[_aZY(u4p]qFprâ
\_W^ pr\8Y\_W`\_zZY\l©p^`l©p_p]l aP|2dU[_ch^ \_zPW´[_WXP[_Wvp]Wab\8Y\_l cha-Y(aZ{
y>l u u x Wk%chaZp]l©{FW[_Wv{l a2\_zPWaPWR\p]Wvk\_l chaã
¹\zZYhp x WWa`Yhp_p]iP^`Wv{\_zZY\
{Fl /W[_Wab\fp]qFpr\_W^»WohWab\8pkY(aFâ
aPc(\ x W2Y(^ x l |hiPchiZpãàäHzPl©pCYhp_p]iP^`XF\_l chaºl©p\_[_iPWl dp]qFpr\_W^
WohWab\8p>[_WXP[_Wvp]Wab\p]l aP|hu WåUiPaPl©õbiPW¦ñ>l aPXPiF\¸k8zZY(aP|hWvpãsòzPW[_W
^CiPu \_l XPu WCp]l ^CiPu \8Y(aPWchiZp1k8zZY(aP|hWvp1Y([_WiZp]Wv{KmLY(a#WohWab\Cåµß1ì¦ñ
^´Y¦q[_WXP[_Wvp]Wab\4Yp]i x p]W%\¸c(df\_zPW`k8zZY(aP|hWvpYhp_p]cFk%l©Y\_Wv{y>l \_z
Y(aPc(\_zPW[WohWab\1åµß~hñãß1ìl©p0\_zPW[_W%dUch[_WHY(^ x l |hiPchiZp0y>l \_z`ß~Fã
äHzPW1iPaPl©õbiPWaPWvp_pfXP[_chXLW[]\_l Wvp
c(dY(u uZWohWab\8pfiZp]Wv{`l aY(a´WaRoRl â
p]l chaP^`Wab\>Y([_W4{FW%\_W[_^`l aPWv{Y\\_zPW4chiF\8p]W%\Hc(d0p]l ^`XPu l LkY\_l cha
Y(aZ{Y([_W\8Y(áhWal ab\_c`Yhkk%chiPab\Hy>zPWap]i x p]WvõbiPWab\\_[8Y(aZp]l \_l cha
Y(^ x l |hiPl \rql©p>k8zPWvk8áhWv{Kã
 F3Q N	4.F- "0 $ Q) Q N  F  NPMOL"4)&
jRqFpr\_W^ ^`W^`ch[_qty>l u u>u WvYh{t\_ctY(^ x l |hiPchiZpCWohWab\8pCl a=\_zPW
^`cF{FWu¿ãäHzPW[_W´l©p|hiZY([8Y(ab\_WWv{à\_c x WY\u WvYhpr\chaPW{Fl©pr\_l aFâ
|hiPl©p]zPl aP|`dUWvY\_iP[_WåUl Wk%ch^`XLchaPWab\1oY([_l©Y x u W¸ch[pr\8Y\_W{Fl /W[]â
WaZk%W¦ñ x W%\ryWWaY(aRqC\rycWohWab\8p
l aY{FW%\_W[_^`l aPl©pr\_l©kp]qFpr\_W^
p]l aZk%WCaPc´\rycWaRoRl©p]l chaP^`Wab\4pr\8Y\_Wvp4kY(a x WCl©{FWab\_l©kY(u¿mKY(aZ{
Y(aRq|hl ohWaWohWab\Y(XPXPu l Wv{\_cY(aWaRoRl©p]l chaP^`Wab\1pr\8Y\_W^CiZpr\
Y(u yHY¦qFpHkY(iZp]W4\_zPWp_Y(^`W¸W/Wvk\vã
äHzPW4p]qFpr\_W^*l ab\_W[_aZY(uLpr\8Y\_W1^´Y¦q`[_WXP[_Wvp]Wab\gYCp]l aP|hu W>dUWvYâ
\_iP[_W`ch[k%ch^ x l aZY\_l cha·c(dgdUWvY\_iP[_Wvp x Wu chaP|hl aP|\_c2\_zPW´k%ch^â
XLchaPWab\^`cF{FWu©pm0Y(aZ{-l©p¸[_WXP[_Wvp]Wab\_Wv{·iZp]l aP|u iP^`XLWv{Uè¢éè¢ç
 _ÿ=D*UgdUch[>WvYhk8zpr\8Y\_W¸c(d0\_zPWp]qFpr\_W^@WaRoRl [_chaP^`Wab\vãw ^ x l |hiPchiZp\_[8Y(aZp]l \_l chaZp0Y([_Wf[_Wvp]chu ohWv{ x qZaZ{Fl aP|¸Yp]W%\c(d
{Fl©pr\_l aP|hiPl©p]zPl aP|àdµYhk\_ch[8pãtjRqFpr\_W^ pr\8Y\_WvpCy>l \_zÀY(^ x l |hiPchiZp
\_[8Y(aZp]l \_l chaZpY([_W\_zPWa p]XPu l \2l ab\_c=pr\8Y\_Wà|h[_chiPXZp´iZp]l aP|t\_zPW
oY(u iPWvpc(d>\_zPWvp]WdµYhk\_ch[8pãàÝZYhk\_ch[p]W%\8pCY([_W´dUchiPaZ{ºiZp]l aP|·Y
x Wvpr\ Z[8pr\H\_[_iPaZkY\_Wv{p]WvY([8k8z2YhpdUchu u cy1p%$
ìhã>äHzPW1^`l aPl ^CiP^ p]chu iF\_l cha`u WaP|(\_zl©pfp]W%\f\_c\_zPWaRiP^ x W[gc(d
{Fl©pr\_l aP|hiPl©p]zPl aP|dµYhk\_ch[8pdUchiPaZ{Kã
~Fã>äHzPWCåU[_W^´Y(l aPl aP|Rñ0dµYhk\_ch[8pfY([_W>[8Y(aPáhWv{ x qC\_zPWaRiP^ x W[gc(d
Y(^ x l |hiPchiZpg\_[8Y(aZp]l \_l cha2XZY(l [8p\_zPWq2kY(a{Fl©pr\_l aP|hiPl©p]zã
Pã ¹d¸Y(aRqtdµYhk\_ch[8pCWFl©pr\\_zZY\Y([_W\_zPW#p]chu W{Fl©pr\_l aP|hiPl©p]zPl aP|
dµYhk\_ch[HdUch[1YC\_[8Y(aZp]l \_l cha\_zPWq2Y([_W¸Y(u up]Wu Wvk\_Wv{Kã
ZãHWu©p]Wp]Wu Wvk\1WvYhk8zdµYhk\_ch[Hl a2\_iP[_a x q[8Y(aPách[8{FW[vã
 ã>ÝPch[>WvYhk8zp]Wu Wvk\_Wv{dµYhk\_ch[¦åµp8ñ
Pã ¢aZk%u iZ{FWàdµYhk\_ch[2l aò\_zPW·XLcbp_p]l x u W-p]chu iF\_l chaã  >W%â
^`cohW4\_[8Y(aZp]l \_l chaZpl \kY(a#{Fl©pr\_l aP|hiPl©p]zdU[_ch^@u l©pr\vã
îRã ¹d\_zPW\_[8Y(aZp]l \_l cha<u l©pr\`l©p`W^`XF\rq=Y-p]chu iF\_l cha=zZYhp
x WWadUchiPaZ{´â
p]W%\\_zPW4^`l aPl ^CiP^@p]chu iF\_l chau WaP|(\_z
Pã Wu©p]Wl dP\_zPWgXZY([]\_l©Y(ubp]chu iF\_l chal©p0p]zPch[]\_W[\_zZY(a
\_zPW ^`l aPl ^CiP^ p]chu iF\_l chaÂu WaP|(\_z*[_Wvk%iP[8p]W
dU[_ch^ ~iZp]l aP|C\_zPW¸[_Wv{FiZk%Wv{´\_[8Y(aZp]l \_l chau l©pr\
äHzPW1p]WvY([8k8zpr\_[8Y\_W|hq[8Y(XPl©{Fu q ZaZ{PpfY¸p]chu iF\_l cha`iZp]l aP|4\_zPW
dUWyWvpr\CaRiP^ x W[Cc(dHdµYhk\_ch[8pCY(u u cy>l aP|2\_zPW^´Yörch[_l \rq·c(dH\_zPW
p]WvY([8k8z=\_[_WW\_c x W#{Fl©p_kY([8{FWv{<Y\Y(aÀWvY([_u q=pr\8Y(|hWhã w u u1c(d
\_zPW¸p]chu iF\_l chaZpiZp]l aP|C\_zPW4^`l aPl ^CiP^@aRiP^ x W[Hc(ddµYhk\_ch[8pY([_W
dUchiPaZ{Kã
äHzPW2^`l aPl ^CiP^úaRiP^ x W[`c(d1dµYhk\_ch[8pchaÀY·p]qFpr\_W^ y>l©{FW
x Yhp]l©p´Y([_W#k8zPcbp]Wa x qÀp]Wu Wvk\_l aP|tchaPWc(d4\_zPWàp]chu iF\_l chaZpdUch[
WvYhk8zp]qFpr\_W^ pr\8Y\_WhmbaPWyËpr\8Y\_W|h[_chiPXZpgY([_W1|hWaPW[8Y\_Wv{KmRY(aZ{
\_zPW4pr\8Y\_Wvp
dUch[_^`l aP|\_zPW4p]chiP[8k%Wvpfc(dY(^ x l |hiPchiZp
\_[8Y(aZp]l \_l chaZp
Y([_WCY(u u cFkY\_Wv{2\_c\_zPWCaPWy pr\8Y\_WC|h[_chiPXZpã ó c(\_l©k%W\_zZY\4WaFâ
oRl©p]l chaP^`Wab\pr\8Y\_WvpY([_W#Y(u u cFkY\_Wv{<\_c=|h[_chiPXZp`chaPu q<\_cº[_W%â
p]chu ohW´Y(^ x l |hiPl \rqhm0Y(aZ{-aPc(\^`WW[_u q x WvkY(iZp]W`\_zPWq-k%chab\8Y(l a
\_zPW´dµYhk\_ch[CoY(u iPWvpYhp_p]cFk%l©Y\_Wv{-y>l \_zt\_zPW|h[_chiPXãäHzPl©pWaFâ
p]iP[_Wvp0\_zZY\
|h[_chiPXZp0[_WXP[_Wvp]Wab\  Yhk\_iZY(uPp]qFpr\_W^ ^`W^`ch[_q.Uç
[8Y\_zPW[#\_zZY(a  k%ch^`XLchaPWab\·^`W^`ch[_q A8é DZé	cTê TèKa l¿ã Whã \_zPW
^`W^`ch[_qº^CiZpr\ x W#p]l |haPl LkY(ab\\_c-\_zPW2dUiF\_iP[_W#p]qFpr\_W^ x W%â
zZY¦oRl chiP[vã
ÝPch[fY(iF\_ch^`c(\_l ohW1k%l [8k%iPl \8p\_zPWp_Y(^`WHdUWyÀdµYhk\_ch[8pfY([_WHiZp]iFâ
Y(u u q#[_Wvp]XLchaZp]l x u WCdUch[Y(u ufY(^ x l |hiPl \rq#l atYp]qFpr\_W^ã`äHzPl©p¸l©p
iPaZp]iP[_XP[_l©p]l aP| x WvkY(iZp]Wg\_zPW>Y(^ x l |hiPl \rq¸l©pkY(iZp]Wv{ x qp]qFpr\_W^
^`W^`ch[_qY(aZ{´l a´\_zPW4p]qFpr\_W^´pfyWk%chaZp]l©{FW[
\_zPl©pg^`W^`ch[_ql©p
u l ^`l \_Wv{\_c´p]XLWvk%l©Y(ußHen ch[>^`Wvk8zZY(aPl©kY(uKpr\8Y\_Wvpã
äHzPWfl ab\_[_cF{FiZk\_l chac(dZpr\8Y\_Wgp]i x |h[_chiPXZp^`l |hzb\0u WvYh{4\_c4Yh{Râ
{Fl \_l chaZY(uY(^ x l |hiPl \_l Wvp x W%\ryWWa·WaRoRl©p]l chaP^`Wab\\_[8Y(aZp]l \_l chaZpã
 >WXLWvY\_Wv{Y(XPXPu l©kY\_l chac(dF\_zPWY(^ x l |hiPl \rq¸p]chu ohW[l©p[_WvõbiPl [_Wv{
y>l \_z#WvYhk8zl \_W[8Y\_l cha[_Wu iP^`XPl aP|`\_zPWWaRoRl©p]l chaP^`Wab\pr\8Y\_Wvpã
egchaZp]l©{FW[\_zPW`p]l \_iZY\_l cha·l a Z|hiP[_W  ãViP[_l aP|\_zPW`|hWaPW[8Yâ
\_l chac(dKp]qFpr\_W^½pr\8Y\_Wvp0\_zPW + + WohWab\8p
Y(u uFzZY¦ohW>{FWvpr\_l aZY\_l chaZp
l ab\_W[_aZY(uP\_cGj * Y(aZ{´zPWaZk%W¸Y([_W1aPc(\HY(^ x l |hiPchiZpãäHzPW4pr\8Y\_W
|h[_chiPXàl©p4l ab\_[_cF{FiZk%Wv{à\_c2[_Wvp]chu ohW\_zPWG+ * Y(^ x l |hiPl \rqhã ó cy
\_zPW9+ + WohWab\CdU[_ch^ \_zPWpr\8Y\_W|h[_chiPXºl©p`Y(^ x l |hiPchiZpy>l \_z
\_zPW¸l ^`XPu l©k%l \5+ + WohWab\vã
äHzPWºY(^ x l |hiPl \rqò[_Wvp]chu iF\_l chaËXP[_cFk%Wvp_p2l©p|hiZY([8Y(ab\_WWv{Å\_c
\_W[_^`l aZY\_W<p]l aZk%W éhþhþ0TèKTµÿ  /éê¸Y(^ x l |hiPchiZp\_[8Y(aZp]l \_l chaZpàY([_W
k%chaZp]l©{FW[_Wv{´Y\HWvYhk8zl \_W[8Y\_l chaã ¢a\_zPW4ych[8pr\kYhp]Wc(d0Y(al []â
[_Wv{FiZk%l x u WWaRoRl©p]l chaP^`Wab\vmRY(u uZ\_zPW\_[8Y(aZp]l \_l chaZpgychiPu©{ x W¸p]W%â
u Wvk\_Wv{´Y(aZ{\_zPW[_Wvp]iPu \ychiPu©{´p]l ^`XPu q x W1\_zPWWaRoRl©p]l chaP^`Wab\
l \8p]Wu drã ¢aC\_zPW>ych[8pr\kYhp]Wg\_zPW>^`l aPl ^CiP^ aRiP^ x W[
c(dZdµYhk\_ch[8p
\_zZY\k%chiPu©{ x Wl aZk%u iZ{FWv{´Y\gWvYhk8z`l \_W[8Y\_l cha`l©pfchaPWåµ{FW%\_W[_^â
l aPl©pr\_l©k>WaRoRl©p]l chaP^`Wab\ñfY(aZ{\_zPW[_W%dUch[_W>\_zPW^´Y Fl ^CiP^ÂaRiP^â
x W[0c(dPl \_W[8Y\_l chaZpXLcbp_p]l x u Wgl©p0p]l ^`XPu q4\_zPWaRiP^ x W[0c(dFdµYhk\_ch[8p
l at\_zPWp]qFpr\_W^ãßf^`XPl [_l©kY(u u qàyWaPc(\_W´\_zZY\Y#p]chu iF\_l chatl©p













Ý0l |hiP[_W  $ ¢ab\_[_cF{FiZk%Wv{2Y(^ x l |hiPl \rq
$ NPM I
  M98I#;:L;:J]NSH3NPF3Q J
w XPXP[_chXP[_l©Y\_W2WaRoRl [_chaP^`Wab\k%chaZ{Fl \_l chaZp´kY(a x WàYh{P{FWv{=\_c
[_W^`cohWp]W^`l â¢Y(^ x l |hiPchiZp\_[8Y(aZp]l \_l chaZpã=äHzPWvp]WYh{P{Fl \_l chaZY(u
k%chaZ{Fl \_l chaZp{Fc#aPc(\[_WXP[_Wvp]Wab\Y(aRq-Yh{P{Fl \_l chaZY(ufk8zZY(aP|hWvp4\_c
\_zPW4{FWoRl©k%WåUl aPXPiF\ñfWaRoRl [_chaP^`Wab\vmh\_zPWq´Y([_W1^`W[_Wu q`k8zPWvk8áFp
\_c{FW%\_W[_^`l aPW x WzZY¦oRl chiP[ x Yhp]Wv{¸cha¸\_zPWgWaRoRl [_chaP^`Wab\c(dF\_zPW
pr\8Y\_WCXP[_l ch[\_c\_zPW`WohWab\4cFkk%iP[_l aP|ZãßfaRoRl [_chaP^`Wab\¸k%chaZ{Fl â
\_l chaZpY([_W´p]zPcy>atl aºp_õbiZY([_W x [8Yhk8áhW%\8p¸Yd\_W[WohWab\8p¸l at\_zPW
ZaZY(uh^`cF{FWu¿ã ó c(\_l©k%Wf\_zZY\\_zPW{Fl©pr\_l aP|hiPl©p]zPl aP|WaRoRl [_chaP^`Wab\
oY(u iPW>kY(a x W>chaPWH\_zZY\fl©p[_Wvp]XLchaZp]l x u WdUch[\_zPW>WohWab\vã 1cyHâ
WohW[vm0\_zPl©pl©pCaPc(\´YàXP[_c x u W^ p]l aZk%W\_zPW2WR\_[8Y·k%chaZ{Fl \_l chaZp
[_W%dUW[´\_cº\_zPW·p]qFpr\_W^3WaRoRl [_chaP^`Wab\8ç%ÿ_ç´\_zPWàWohWab\cFkâ
k%iP[_[_Wv{Kã<egchaZp]l©{FW[C\_zPW j /Uv ; / 2 2' =/U=/ '*)  +.-+ P +.;
  j /Uv ; / 2 2' =/U=/ '*) 2  + v +.;Z\_[8Y(aZp]l \_l chaZpfl a Z|hiP[_Wí
dUch[1Y(a2WPY(^`XPu Wc(d\_zPl©pã
äHzPW[_WÂkY(a x W*p]WohW[8Y(u-p]W^`l â¢Y(^ x l |hiPchiZpò\_[8Y(aZp]l \_l chaZp




u W^ l©pp]l ^`l u©Y([0\_c\_zPW>pr\8Y\_WH|h[_chiPXPl aP|4{Fl©p_k%iZp_p]Wv{ x W%dUch[_W x iF\
y>l \_z\_zPWY(l ^ c(dKp]Wu Wvk\_l aP|¸\_zPW>^`l aPl ^CiP^½aRiP^ x W[fc(d/l aPXPiF\
oY([_l©Y x u Wvp\_c#iZp]W´Yhpk%chaZ{Fl \_l chaZp4\_cà{Fl©pr\_l aP|hiPl©p]z-c(\_zPW[_y>l©p]W
Y(^ x l |hiPchiZpWohWab\8pã
 NPFN	46 QIF-# QN $'&kJ0Q NPM E H3NPF3Q J
jRqFpr\_W^ \_[8Y(aZp]l \_l chaZpY([_W\_zPcbp]Wk%chaPaPWvk\_l aP|#p]qFpr\_W^ pr\8Y\_Wvp
ch[pr\8Y\_W|h[_chiPXZpãäHzPW´p]qFpr\_W^7\_[8Y(aZp]l \_l chaZp4Y([_W|hWaPW[8Y\_Wv{
dU[_ch^@WaRoRl©p]l chaP^`Wab\H\_[8Y(aZp]l \_l chaZp x qP$
W  >W^`coRl aP|\_zPcbp]W¸l ab\_W[_aZY(u/\_c´Y`p]qFpr\_W^'pr\8Y\_W¸|h[_chiPXã
W  >W^`coRl aP|´{FiPXPu l©kY\_W4\_[8Y(aZp]l \_l chaZpã
W egch^ x l aPl aP|<^CiPu \_l XPu W·\_[8Y(aZp]l \_l chaZp´dUch[\_zPW-p_Y(^`W·WohWab\x W%\ryWWa2\_zPWp_Y(^`Wp]qFpr\_W^ pr\8Y\_Wvpã
òÕ    ^ 
äHzPl©p p]Wvk\_l cha l u u iZpr\_[8Y\_Wvp \_zPW@[_Wvp]iPu \ c(dòY(XPXPu qRl aP|'\_zPW
^`W%\_zPcF{ \_c¼åUXZY([]\c(d8ñ2Y(a Y(iF\_ch^`c(\_l ohW-u l |hzb\_l aP|Àk%l [8k%iPl \vã 
äHzPW·p_k8zPW^´Y\_l©k2l a Z|hiP[_W ºk%chab\_[_chu©p\_zPW·p]l©{FWu l |hzb\8pY(aZ{
^´Y(l a u l |hzb\8pc(dCY=ohWzPl©k%u WÀåUl |ha p]y zZYhp x WWaËl |haPch[_Wv{À\_c
áhWWX=\_zPWWPY(^`XPu WY(aZY(u qFp]l©pk%ch^`XZYhk\ñãÀäHzPW[_W2l©p´Y(u©p]c-Y
{Fl X½åUzPl !¦u cyñ x WvY(^3dUiPaZk\_l chaã ¢a chXLW[8Y\_l chaÀ\_zPW-{F[_l ohW[




[_Wu©Y¦q<^`cF{FWu©pl aZk%u iZ{FW-YºõbiZY(u l \8Y\_l ohW·{FWu©Y¦q<c(d¸\_zPW·ch[8{FW[
^`l u u l©p]Wvk%chaZ{Km/Yd\_W[4p]y>l \8k8zPl aP|´\_zPWY(XPXP[_chXP[_l©Y\_W¸u©Y(^`XZp1y>l u u
l u u iP^`l aZY\_WhãäHzPWßHen x WzZY¦oRl chiP[1l©paPc(\4p]zPcy>adUch[[_WvYhprâ
chaZp1c(dfp]XZYhk%Whã ¹\8p x WzZY¦oRl chiP[p]l ^`XPu q2u l aPáFp1l aPXPiF\8p1\_cchiF\]â
XPiF\8p¸YhpWFXLWvk\_Wv{àWPk%WXF\4\_zZY\4dUch[\_zPW^´Y(l a-Y(aZ{·{Fl XPXLWv{
u l |hzb\4chiF\_XPiF\8p1\_zPWp]l©{FWu l |hzb\8pY(u©p]c[_W^´Y(l aàYhk\_l oY\_Wv{Kã ó c(â
\_l©k%W1\_zZY\g\_zPW¸p]y>l \8k8z´^`cF{FWuLl a Z|hiP[_Wî4XP[_coRl©{FWvp
chaPu q`chaPW
c(dF\_zPWHp]l©{FWu l |hzb\8pm¦^´Y(l au l |hzb\8pch[0{Fl XCu l |hzb\8pchiF\_XPiF\8p0Y\Y(aRq
\_l ^`Whã1äHzPW[_WvYhp]chadUch[1\_zPl©p1l©p>\_zZY\l a\_zPWdUiF\_iP[_W\_zPWu l aPá
x W%\ryWWa\_zPWk%chaZp]chu W>p]y>l \8k8z´Y(aZ{`ßHenòk%chiPu©{ x W1XP[_coRl©{FWv{
x q^`Wvp_p_Y(|hWvpcha#Ye wó¼x iZpã
	 :kQ60IFN L"! QN . 4L  N*J J IF-#
äHzPW1WPY(^`XPu W1k%l [8k%iPl \fXP[_cF{FiZk%WvpfY(a`WaRoRl©p]l chaP^`Wab\gk%chab\8Y(l aFâ




\_[8Y(aZp]l \_l cha·\_c\_zZY\Cpr\8Y\_Whã2jb\8Y\_Wvpl a x chu©{·dUchab\CY([_W\_zPcbp]W
\_zZY\zZY¦ohW x WWaWaZk%chiPab\_W[_Wv{XP[_WoRl chiZp]u q{FiP[_l aP|\_zPWWaRoRl â
p]l chaP^`Wab\vã
äHzPW[_WY([_W4î¸XLcbp_p]l x u W1WR\_W[_aZY(uZl aPXPiF\WohWab\8pfl a
\_zPWp]qFpr\_W^@WvYhk8z2l©p>|hl ohWa2Y´p]zPch[]\Hl©{FWab\_l ZW[YhpdUchu u cy1p%$

 
   !"$# 
%&' ( ) 
* 
+,! - 
%$.! - / 
 
00$ 
   !"$# 
%&' ( ) 
* 00+1! - 
%$/! - . 
 2 3 
   !"$# 
%&' ( ) 
* 2 3+,! - 
%$.! - / 
 
-4 
 +5! - 
%$/! -  -
'%3
6
   !"$#  ) ( ) 
7 '%3
+1! - 









%$.! - / 
 
9 ¶¤b18 r8b H fÄR_r vRKR Cr¤b1F8¤R¥( vh¨Kr¤b1¹f r]¤





















p 61 mS 29
h 55
h 54




































p 65 o 56
mS 57
  o 49 mS 29
h 27
  r 19
   mS 21
  h 39
































































p = SWITCH.dip_position: pressed
h = SWITCH.selector_position: head
o = SWITCH.selector_position: off
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